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Mesenchymal Stem Cell Conditioned Medium Promotes Proliferation and Migration of Alveolar Epithelial Cells under Septic Conditions In Vitro via the JNK-P38 Signaling Pathway

Introduction
Acute respiratory distress syndrome (ARDS) is a major cause of acute respiratory failure with high morbidity and mortality in critically ill patients [1, 2] . It is characterized by highprotein pulmonary edema and severe hypoxemia [1, 2] and may result from many clinical insults, including sepsis and pneumonia [1] . The pathophysiological basis of ARDS consists is crucial to restore normal function of the alveolar barrier [5] . Alveolar type II epithelial cells are primarily responsible for re-epithelialization and restoration of the normal alveolar architecture [5] . This process requires spreading, migration and proliferation of alveolar type II cells, which differentiate and replace necrotic or apoptotic alveolar type I cells [5] .
Mesenchymal stem cell (MSC) with proliferation potential and migration ability impairment and promote rehabilitation of alveolar epithelium in several ARDS models [6] . The mechanisms responsible for enhanced the alveolar epithelium repair include the possible trans-differentiation of MSC to form alveolar type II cells [7] and restorative paracrine effects of MSC synthesized growth factors [7] . However, the low levels of MSC engraftment after secretion of soluble factors than a long-term presence in repaired tissue [8] . Previous reports have demonstrated that MSC conditioned medium (MSC-CM) improved cutaneous wound healing [7, 9] and alveolar epithelial cells wound repair [10, 11] . However, data supporting the role of MSC-CM in mediation of alveolar epithelial cells under septic conditions is absent
In this study, we investigated the signaling pathways used by MSC-CM in human alveolar epithelial A549 cells and primary human small airway epithelial cells (SAEC) under septic MSC promote epithelial cell repair through releasing a repertoire of paracrine factors via Alveolar epithelial cell characterization and SAEC culture A549 cells, an alveolar epithelial cell line were immunostained with rabbit anti-proSP-C primary Cy3/5-conjugated anti-rabbit secondary was used at a 1:100 dilution for visualization (Santa Cruz, CA, USA). DAPI was used for nuclear staining in all immunocytochemistry assays. Images were acquired by a purchased from cultured following manufacturer instruction using SAEC (ScienCell, USA) complete growth instructions. Passage 3 to 4 SAECs were used for all experiments.
Materials and Methods
MSC isolation, culture, and characterization
Proliferation Assay
(Cell Signaling Technology Inc, Danvers, MA) were treated just before plating. At the indicated time points of the microplates at 37°C in 5% CO 2 analytically pure dimethyl sulfoxide (DMSO) (Amresco, USA) was added. The 96-well plate was vibrated on a micro-vibrator for 15 min and the optical density of each well was measured at 490 nm by an Elx808 Ultra
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Wound healing assay were calculated from 3 independent experiments. Each treatment was carried out in duplicate, and the experiments were done 3 times.
Transwell Migration Assay
For the cell migration assay, A549 cells were resuspended in serum-free medium and adjusted to a 5 SP600125 was added to the lower chambers. After A549 cells were incubated for 16 h at 37°C, migrated experiment was repeated at least 3 separate times.
Western Blots
Protein samples (30 mg protein) of cell lysates of A549 or SAEC cells were separated by 12% sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene Technology, USA). All experiments were independently repeated 3 times.
Secretome analysis by mass spectrometry
a Proxeon nanoelectrospray ion source. The Orbitrap Elite was operated in a HCD top 10 mode essentially International Protein Index (IPI).
Statistical Analysis
Results are presented as mean ± SD and analyzed using SPSS 17.0 software. Comparisons of multiple post hoc P value < 0.05 1 and 3 (P in vitro wound healing and transwell migration assays (only AEC). In the presence of MSC-CM, the wound was more effectively healed over 24 hours as compared to the control group or 
01). (C, D)
In vitro wound healing assay. Scratches were made in the monolayer and cells were cultured for 24 hours in the absence or presence of MSC-CM. Representative areas are presented -ces (P < 0.01) versus the LPS group are noted.
Analysis of proteins detected in MSC-CM by mass spectrometry
In total, 720 proteins were detected in the conditioned medium of hUC-MSC isolated from three donors by LC-MS/MS mass spectrometry. The GO enrichment analysis of biological processes, cellular components, and molecular functions showed that the there were 122 those proteins participate in the process of proliferation and migration (Table 1) . was obtained. Four proteins including TGF-beta receptor type-1, TGF-beta receptor type-2, Ras-related C3 botulinum toxin substrate 1 and Ras-related C3 botulinum toxin substrate 2 It was stimulated by LPS, which is a glycolipid of the outermost membrane of gram-negative Under septic conditions the proliferation and migration of the AEC and SAEC was impaired, while cell damage was not obvious in normal medium. Moreover, LPS can also impair the permeability and promote the apoptosis of epithelial cells. Similar results were also obtained cytotoxic effects on A549 cells [21, 22] . The damage to LPS induced AEC and SAEC was alleviated by MSC-CM, which increased the number of metabolically active cells with proliferative capacity and also promoted cell migration. This observation has also been noted by others in an in vitro model of pulmonary epithelial wound repair [10] . These effects were because MSC-CM contained high levels of a anti-apoptotic, proliferation enhancing and immunomodulatory functions [24, 25] . Indeed, several paracrine mediators that can mediate proliferation and migration effects of MSC have predominantly activated by environmental and genotoxic stresses. Despite the apparently There are some limitations to this study. First, our in vitro model does not adequately represent the in vivo alveolar environment, where alveolar cells interact with multiple other used the A549 cells as a model of human AEC, but we recognize the limitations of such a cell line, then we replicated most of our experiments with human primary small airway epithelial cells (SAEC). Even so, those two cells may not respond to all biologic stimuli in the same fashion as primary alveolar epithelial cells. However, due to the limited number studies of interest could not be performed with these cells.
In conclusion, the current study demonstrated that MSC-CM promoted proliferation and migration of alveolar epithelial cells under septic conditions. This repair process was insights into the complex intracellular processes that convey cytoprotection by paracrine factors and may help to better exploit the potential of cell therapy for ARDS. 
